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It is now considered that in adults with aortic valvar disease, and serious symptoms, surgery must be considered, and will usually be performed, in the majority. In an adult with aortic stenosis and one of the three cardinal symptoms of cardiac pain, syncope or breathlessness, experience indicates that homograft replacement of the aortic valve offers a better outlook than medical treatment. The procedure, however, is a major one, and Mr Ross will give figures for morbidity and mortality; surgery is not usually recommended in patients who are symptom free. However, in childhood and young adult life, if there is evidence of severe aortic stenosis, it is likely that sooner or later operation will be needed, and it is sometimes unwise to wait for the development of symptoms. The frequency of sudden death in these young people further supports this policy. The natural history of aortic regurgitation has been improved by a regimen of modified activity and early diuretic therapy. In these patients, once symptoms have developed, following a prolonged period of initial rest and the commencement of diuretic therapy, reduced activities may be resumed, and the patient kept under careful observation. If there is any subsequent deterioration, either symptomatically or radiographically, operation is usually indicated without further delay.
In the follow up of patients after homograft replacement of the aortic valve an impressive feature is the virtual absence of systemic embolism, and anticoagulant treatment is therefore unnecessary. This is a very great advantage over the various types of prosthetic valve. Furthermore it has been possible to operate on patients with active bacterial endocarditis, which has been resistant to drug treatment, and to save them from death.
In the more long-term follow up the incidence of aortic regurgitation has been slight. It appears to occur in about half the patients, but in the great majority it has shown, over a period of approximately three years, no sign of increasing in severity. The problems of mitral valve surgery fall into two quite distinct groups. The first involves patients with predominant mitral stenosis in a valve which is not severely damaged. The second group includes patients with predominant mitral regurgitation and those with mixed stenotic and regurgitant lesions in badly damaged valves.
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Mitral Stenosis
The evolution of closed mitral valvotomy following the description of transventricular dilatation by Logan & Turner (1959) and by Tubbs has resulted in a technique which, in experienced hands, gives good results in about 80 % ofpatients with an operative mortality of 5-10%. Some surgeons prefer transatrial dilatation and claim equally good results, but this technique is less easily controlled than the transventricular one. From 1960 to 1966 at Hammersmith we operated on 281 patients with 17 deaths (6 %). The procedure is a relatively simple one and does not make special demands on ancillary or technical staff, nor are the needs for blood transfusion greater than is normally required for a thoracotomy. A technically good valvotomy with splitting of both commissures is obtained in nearly half the patients and a good but partial valvotomy (one commissure only) obtained in another third of the patients. Good or excellent clinical results are obtained in about 80% of patients. The production of mitral regurgitation by closed dilatation has been much less of a problem than was first feared. In about 20-25 % some reflux is noted after the valvotomy, but this is rarely hkmodynamically significant. The overall incidence of induced regurgitation is somewhat higher than with finger fracture and knife techniques, but the occurrence of serious regurgitation is markedly less in our experience.
Criticism of the technique is concerned with the following factors: (1) The relatively high incidence of an incomplete valvotomy. (2) The risks of tearing the valve with the production of regurgitation. (3) The difficulty of mobilizing fused chordae.
(4) The chances of dislodging clot or calcium resulting in important embolization. To overcome these criticisms some surgeons advocate open valvotomy as a procedure of choice, especially in selected cases.
Open valvotomy, however, requires the use of a heart-lung machine with all its attendant problems of personnel, blood, anticoagulants, &c. It appears that the costing of open valvotomy is, at the moment, out of proportion to the advantages to be reaped from it. Admittedly a complete valvotomy with separation of fused chord&v should be possible in the majority and the risks of calcific or thrombotic emboli should be reduced. A badly damaged valve could be replaced or repaired.
A reasonable compromise would involve having heart-lung bypass standing by and available for those patients who, on clinical or other grounds, may be thought to be specially at risk. If difficulties are encountered during a closed valvotomy, bypass could be readily established and the procedure completed as an open one.
There are a number of special problems of mitral valve surgery affecting the very young and the elderly, the pulmonary hypertensive and those with special embolic risks. Adolescent mitral stenosis: Critical mitral stenosis in the adolescent is relatively uncommon in Britain compared with its frequency in Middle Eastern and Asian countries. In the past it has been our policy to defer valvotomy for as long as possible in this group because it was feared that further attacks of rheumatism might lead to early re-stenosis. Recent experience in India and elsewhere suggests that satisfactory short-and longterm results are obtainable in the adolescent. In these countries pulmonary hypertension develops rapidly, making early mitral valvotomy essential.
In the light of this experience we believe that a more lenient attitude can now be taken. The elderly mitral stenotic: Patients over 50 require careful assessment before valvotomy is advised in order to ensure that symptoms are related wholly or largely to the mitral valve. Hypertension, isch2mic heart disease, arteriosclerosis, chronic bronchitis and emphysema are all more common in this age group and may be contributing to the symptoms. If doubt exists, full left-sided studies should be carried out.
Local factors such as friability of the atrial or ventricular myocardium may make the operation more hazardous. In view of these factors we have adopted a fairly cautious policy in patients in this age group during recent years. As a result, in 69 patients of 50 years or more there have been only 4 deaths (5-8 %) compared with 13 deaths (6 %) in 212 patients under 50. In view of the above factors the results of a valvotomy may be slightly less dramatic in this age group. Pulmonary hypertension: This constitutes a firm indication for valvotomy and there is good evidence of regression of hypertension after operation. Best results occur in those who have had an excellent valvotomy, whilst disappointing falls in pulmonary artery pressure follow an incomplete valvotomy. In patients with severe pulmonary hypertension every effort should be made to achieve a technically good valvotomy; if this is impossible open valvotomy or valve replacement should be seriously considered. Thromboembolic complications: Thrombophlebitis, pulmonary infarction, friable atrial clot and systemic embolism have in the past occurred in between 10% and 20% of patients. These complications have been practically reduced to zero by the regular use of anticoagulants (Smith et al. 1965) . Phenindione has been employed in the majority in doses aimed at maintaining a prothrombin rate of twice normal for three to six weeks prior to operation. The dosage is not reduced at the time of the operation and is continued into the post-operative period. Thereafter it is gradually curtailed except in the pulmonary hypertensive group or those in whom atrial clot has been found. Operative or postoperative bleeding has never been a problem.
Improvements in operative technique occurring concurrently with the introduction of the above policy may be responsible for part of the reduction in systemic embolism, but we believe that there are still important advantages to be obtained by continuing this policy.
Mitral Regurgitation and MixedLesions
In these patients there is little argument about the need for open operative repair or replacement of the damaged valve, but there is much discussion about the technical aspects of the procedure. Mechanical prostheses: The caged ball prosthesis of Starr-Edwards (Starr & Edwards 1961) , the University of Cape Town prosthesis (Barnard 1965 ) and the Hammersmith mono-cusp flap valve (Melrose et al. 1964 ) have all been extensively employed as replacements. All are hvmodynamically efficient, are available in a variety of sizes, are easily sterilized and easy to insert. All, however, suffer from the grave inherent disadvantage of thrombus formation and subsequent embolism. The incidence of this complication varies from 20% to 40% in various reported series. Attempts have been made to overcome this disadvantage by various structural modifications and by impregnating the mechanism with siliconeheparin combinations. Some improvement has followed these attempts but the problem is not yet surmounted. The relatively slow flow across the mitral valve, as contrasted with aortic valve, would appear to be of paramount importance. Another disadvantage of the mechanical prosthesis is the relative rigidity of the mechanism which is inserted into a rather mobile area of the heart and the bulk of mechanism which lies in the cavity of the left ventricle. This is of especial importance in the Starr-Edwards valve and less so with the other patterns.
Alternatives to the mechanical prosthesis are being actively pursued. Homograft mitral valve replacement has been carried out in a few instances and also heterografts (Ionescu et al. 1967 ), but it is as yet far too soon to judge their worth.
Other procedures such as annuloplasty and pericardial insert repair are possible in valves which are not too severely damaged and in which chordal function is still reasonably good. Annuloplasty in the hands of Wooler et al. (1962) has given good results in patients with dilated valve rings and a reasonably functional aortic leaflet. The technique involves elevation of the posterior leaflet, if it should be drawn towards the ventricle by shortened chordw, and at the same time narrowing the annulus with suitably placed stitches at one or both commissures. In selected cases the results have been good. Our own experience at Hammersmith with this procedure has been limited; we have found it difficult to control regurgitation without producing stenosis and we have noticed recurrence of regurgitation in some patients several months after operation.
A more attractive alternative has been the insertion of patches of pericardium into one or other leaflet in order to restore the shrivelled leaflet to its normal size. In practice the posterior leaflet is usually selected for the insert. Success depends on the presence of reasonably normal chordc; if the latter are fused and shrunken and cannot be mobilized, the repair leaves a degree of subvalvar obstruction which may prevent a good result.
The posterior leaflet is detached from the atrial wall along its entire length and the detachment extended just beyond each commissure. A pericardial patch 8-10 cm in length by 3-4 cm in width is sutured into the gap. The pericardial insert allows the forward edge of the posterior leaflet with attached chorche to approximate the aortic leaflet, thus rendering the valve competent.
The valve can readily be tested by allowing the ventricle to fill with blood.
In those patients where reasonably normal valve function has been restored the results have been excellent and a long-term follow up of a few patients shows continuing good function both clinically and with left-sided studies. Angiographically the pericardial insert can be seen ballooning into the left atrium in a convincing manner.
The hospital mortality for mitral valve replacement or repair varies from 15 % to 30% in different units. The figure is being steadily reduced with increasing knowledge and experience. The present contrast in operative mortality and post-operative morbidity between aortic and mitral valve lesions is difficult to explain adequately, but the following factors may have a bearing on the problem: (1) The majority of mitral valve lesions are rheumatic in origin and the rheumatic process may have also damaged the myocardium. (2) Many patients with mitral valve disease are kept alive for long periods in chronic failure with the aid of modern therapy; the myocardium in such patients is probably severely damaged. (3) The pressure relationships across the two valves are very dissimilar. (4) Pulmonary vascular disease is common in mitral valve lesions and rare in aortic; its presence adds to the problems of the post-operative period. (5) The presence of atrial fibrillation adds to the postoperative difficulties owing to the tendency to develop either bradycardia or tachycardia with a consequent reduction in cardiac output; artificial pacing is advocated by some surgeons to cope with serious bradycardia but uncontrollable tachycardia is more difficult to handle. (6) The use of diuretics over a long period may result in severe depletion of total body potassium; this, in turn, results in a low serum potassium and the liability to digitalis intoxication.
Acute Mitral Regurgitation Brief mention should be made of this condition which may result from ruptured chorde or nonfunctioning papillary muscles, resulting from bacterial endocarditis or ischemic heart disease. The resultant mitral regurgitation into an unprepared left atrium and pulmonary veins leads to early and severe pulmonary aedema.
Surgical correction of the deformity by valve replacement or repair, even in the presence of gross pulmonary cedema, has led to gratifying results (Fluck et al. 1966) . This experience lends support to our belief that the myocardium is inherently healthy in these patients so that correction of the defective mitral valve rapidly restores hmmodynamics to normal. This contrasts with experience in rheumatic lesions where the myocardium has been not only affected by the rheumatic process but subjected to hemodynamic disturbances for many years.
Mr D N Ross
(National Heart Hospital, London) Indications for Surgery in Acquired Heart Disease: Surgical Aspects Aortic Valve Disease All aortic valve surgery must, I now believe, be done under direct vision with unhurried operating conditions and with an attempt to maintain normal body and myocardial physiology. By this I mean maintenance of a normal body temperature, the use of so-called physiological flows, the bilateral cannulation of both coronary arteries, and a normally beating heart. To have a beating heart is, to some extent, a disadvantage, but the advantages to the myocardium far outweigh the nuisance value to the surgeon.
In the first place, I believe that the only way one can ensure adequate and correct coronary perfusion is by maintaining the normal electrical complex on the electrocardiogram. Conversely, an abnormal complex often means a faulty perfusion.
Also, a beating heart uses no more, and possibly less, oxygen than a fibrillating one. More important, the contractions aid the lymphatic return from the muscle, and this is particularly important in waterlogged patients.
A particularly interesting additional side-light is the opportunity it gives to study the left ventricular outflow tract. I have been impressed by the incidence of tight functional or muscular subvalvar stenosis in cases of aortic stenosis and regurgitation that I have operated upon. This is best seen after the valve has been excised and, as far as I can judge, it has all the morphological features of the hypertrophic or obstructive subvalvar lesion that today plays such a prominent part in cardiological literature. I have considered it necessary to do a myotomy in addition to the valve replacement in 9 out of 21 instances in which I judged the lesion sufficiently advanced to constitute a residual left ventricular obstruction. I expose the aortic valve in all cases through a long oblique incision in the aorta (Fig 1) , and good retractors plus flexible plastic coronary cannulm give one excellent dry operating conditions.
Congenital bicuspid aortic valves in young patients are difficult to deal with both from the point of view of a decision to operate and with regard to the type of operation. Only too often the cusps are malformed with what I call a floppy and redundant valve structure. Often a fair amount of regurgitation is inherent in this dominantly stenotic lesion.
A straightforward bicuspid valve can be treated with a limited enlargement of the bicuspid orifice together with paring away of associated nodules and masses in the cusps and sinuses. Any attempt to divide the three commissures completely or an inaccurate incision deviating from the commissures, results in a progressively disabling aortic regurgitation. A floppy valve, which can be recognized clinically or angiocardiographically, is best avoided unless one is prepared to replace the valve entirely.
Congenital noncalcific aortic valve stenosis can, and should, be treated with a negligible mortality.
